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ABSTRACT 

An analysis of SNIa events in early type galaxies from the Cappellaro et al. 
(1999) database provides conclusive evidence that the rate of type la Supernovae 
(SNe) in radio- loud galaxies is about 4 times higher than the rate measured 
in radio-quiet galaxies, i.e. SNIa-rate (radio — loud galaxies) = OA3to\uh^ 5 
SNu as compared to SNIa-rate (radio — quiet galaxies) = 0.1llo;o3^?5 SNu. The 
actual value of the enhancement is likely to be in the range ~ 2 — 7 (P~ 1CT 4 ). 
This finding puts on robust empirical grounds the results obtained by Delia 
Valle & Panagia (2003) on the basis of a smaller sample of SNe. 

We analyse the possible causes of this result and conclude that the 
enhancement of SNIa explosion rate in radio-loud galaxies has the same origin 
as their being strong radio sources, but there is no causality link between the 
two phenomena. We argue that repeated episodes of interaction and/or mergers 
of early type galaxies with dwarf companions, on times-scale of about 1 Gyr, 
are responsible for inducing both strong radio activity observed in ~14% of 
early type galaxies and to supply an adequate number of SNIa progenitors to 
the stellar population of ellipticals. 

Subject headings: (stars:) stars: supernovae - galaxies: radio 
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1. Introduction 



The Supernova rate is a key quantity for astrophysics. Its knowledge is essential to 
constrain the mechanisms of galaxy formation and for understanding galaxy evolution. In 
particular, the chemical evolution of systems that at the present epoch have substantially 
reduced or totally exhausted star formation activity such as elliptical galaxies, may 
dramatically depend on the rate of type la events (e.g. Renzini et al. 1993, Maoz & 
Gal- Yam 2004). Thus, any mechanism capable of producing a substantial enhancement of 
SNIa rate in this type of galaxies should be carefully investigated. Moreover, studies of 
the connection between the frequency of occurrence of type la SNe and the properties of 
the environment where the SNe-Ia originate (e.g. Delia Valle & Livio 1994; Mannucci et 
al. 2005) can effectively constraint the still controversial nature of their progenitors (e.g. 
Hamuy et al. 2003, Livio and Riess 2003). 

In recent years three works have dealt with this topic, namely Capetti (2002), Livio, 
Riess and Sparks (2002) and Delia Valle and Panagia (2003). The former two papers claim 
the existence of a causality link between the position of 6 type la SNe (Capetti) and a 
dozen of nova stars (Livio et al.) with the jets of the respective parent radio-galaxies. In 
this scenario it is the jet itself that modifies the physical conditions of its environment by 
increasing the accretion rate from the interstellar medium onto the white dwarf progenitors, 
and thus it is the direct cause of a local enhancement of Nova and type la SN explosions. 

Delia Valle & Panagia, after analysing the Evans, van den Bergh & Clure (1989) 
database (hereafter EVC89), provided strong evidence for the existence of an enhancement 
by a factor 4-15 of the SN-Ia rate in radio- loud galaxies with respect to radio-quiet ones. 
They argued that the mechanism which boosts the SN production is essentially independent 
of the position of the Supernovae inside the parent galaxy, rather having the same common 
origin as the parent galaxies being strong radio sources, without causality link between the 
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two phenomena. They suggested that repeated episodes of interaction and/or mergers of 
early type galaxies with dwarf companions are responsible for inducing both strong radio 
activity in ~14% of early type galaxies and the ~ 1 Gyr old stellar population needed 
to supply an adequate number SNIa progenitors. However, their results were based on a 
relatively small sample and deserve further investigation. 

In this paper we analyse an approximately five times larger sample of SNe occurred in 
early type galaxies, as reported by Cappellaro, Evans & Turatto (1999). This sample was 
obtained by merging the Cappellaro et al. (1993, hereafter C93) sample with EVC89. In 
§ 2 we present the dataset, in § 3 we first analyse the C93 sample, with the aim of providing 
an independent check of the results obtained by Delia Valle & Panagia (2003) (based on 
EVC89), then we compute the SN rate in radio- loud and radio-quiet galaxies on the whole 
sample of SNe provided by Cappellaro et al. (1999). In § 4 we discuss the results and their 
implications on the nature of SNIa progenitors. 

Tab. 1 gives the comparison between the EVC89 and Cappellaro et al. (1999) samples. 
Data for the C93 sample can be obtained by subtracting the EVC89 data from Cappellaro 
et al. (1999). 

In the following, we will denote as radio-loud sources, all galaxies which have radio 
luminosities at 1.4GHz higher than 10 29 erg s _1 Hz -1 (e.g. Sadler, Jenkins, & Kotanyi 
1989, Ledlow & Owen 1996). The threshold value of ~ 10 29 erg s~ l Hz -1 is the faint limit 
of the luminosity function for the radio-galaxies (see also Urry & Padovani 1995), and, 
therefore, represents the 'natural' threshold to identify "radio-loud" galaxies. We also define 
radio-faint the galaxies characterized by 4 x 10 27 < P < 10 29 erg s" 1 Hz -1 , i.e. galaxies 
whose radio emission is still not dominated by thermal processes (Phillips et al. 1986; 
and Sadler et al. 1989) and finally radio-quiet all galaxies with radio luminosities below 
P = 4 x 10 27 erg s" 1 Hz" 1 . 
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2. Statistics of SNIa explosions in early type galaxies 

The database compiled by Cappellaro et al. (1999) has the advantage of being 
defined 'a priori', i.e. the monitored galaxies were selected before the SN explosions were 
discovered. As a consequence our statistical analysis will not suffer of any kind of 'a 
posteriori' selection criteria, which actually may affect the statistical analysis carried out 
on catalogues of parent galaxies of SNe. We have first obtained from the NASA/IPAC 
Extragalactic Database (NED) the most accurate positions for the sources in the Cappellaro 
et al.'s database, restricting ourselves to morphological Hubble types T < —1.5. We then 
cross-correlated this list with the NRAO VLA Sky Survey (NVSS; Condon et al. 1998), 
which covers the whole sky north of —40° at 1.4 GHz. For galaxies below this limit we used 
the Parkes-MIT-NRAO survey (PMN; Griffith & Wright 1993) at 4.85 GHz, converting 
the flux to 1.4 GHz assuming a radio spectral index equal to —0.75. Sources without 
an NVSS radio match were dealt with in two steps. First, to take care of cases where 
the NVSS might be resolving out the source or where the core was very weak and most 
of the flux was coming from the lobes (which could be way off the optical position), we 
cross-correlated our database with the PMN (in the south) and the GB6 (Gregory et al. 
1996; in the north) catalogues. Second, if still no match was found, we assumed a radio flux 
< 2.5 mJy, the limit of the NVSS. The adopted correlation radius was chosen according 
to the uncertainties on the optical and radio positions of the sources. Namely, a radius 
of 20 and 30" was taken for the NVSS and PMN/GB6 respectively for galaxies having 
optical positional uncertainties < 5". Radii of 30 and 45" were adopted for galaxies having 
larger positional errors. Note that this approach is conservative as it might still miss some 
interacting galaxies for which the optical position could be quite different from the radio 
one. The NVSS will also underestimate the total flux for extended radio sources. This 
cannot have a major effect on our results for two reasons: 1. we checked all of the galaxies 
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in Tab. 2 and found only one such case, NGC 1316, whose classification did not change 
when using the total flux; 2. we find a fraction of radio-loud sources ~ 12% (see below), 
perfectly consistent with the value generally quoted (Ledlow & Owen 1996). Finally we 
note that the offset of ~ 20" between the optical and the PMN position of E471-G27 is 
consistent with the PMN positional uncertainty. However, the optical and NVSS positions 
differ by ~ 1.2'. Given that NED includes amongst this source's names PMN J2351— 2758 
and TXS 2349—282 and that the NVSS image shows that the optical source lies at the edge 
of the radio contours, we decided to associate a radio source with this galaxy. 

Out of a total of 2217 galaxies we have found 267 radio-loud, 212 radio-faint, and 1738 
radio-quiet galaxies respectively. The twenty-one galaxies in which SNe were discovered 
are reported in Tab. 2. Col. 1 and 2 give the SN and the galaxy designation, col. 3 the 
morphological Hubble type, col. 4 the radio flux and col. 5 the rate of decline of the 
luminosity expressed as Am^ (see Phillips 1993). Fig. 1 shows the frequency distribution 
of all 2215 early type galaxies belonging to our sample as a function of their absolute 
B-band magnitudes, Mb (solid line). The dashed line refers to the distribution of the 
general luminosity function of ellipticals (adapted from Muriel et. al. 1995); the shaded 
histogram denotes the distribution of radio-loud galaxies. The absolute magnitudes of the 
galaxies have been taken from the RC3 catalogue (de Vaucouleurs et al. 1991). In tab. 1 
we report the galaxy type (col. 1), the number of galaxies for each type used by Delia 
Valle & Panagia (2003) and in this paper (col. 2 and col. 5), the normalized control times, 
i.e. the product of the control time {i.e. the time during which a given galaxy has been 
observed) to the galaxy's B-band absolute luminosity, so that is given in units of years x 
10 10 Lq (col. 3 and col. 6), and the number of type la SNe discovered (col. 4 and col. 7). 
H = 75 km s _1 Mpc^ 1 is adopted throughout the paper. 

An inspection to Fig.l and Tab.l reveals the following: 
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i) The Cappellaro et al. (1999) sample is not biased in favour of bright galaxies. It 
shows indeed a deficiency in the number of galaxies brighter than M B = —21 in comparison 
with a typical luminosity function of early type galaxies (e.g. Muriel, Nicotra & Lambas 
1995). As apparent from Fig. 1 the distribution of the monitored galaxies has not the 
marked deficiency of galaxies fainter than M B =-19 which characterized the 'naked-eye' 
Evans sample. 

ii) The fraction of radio-loud galaxies in our sample is 0.12 ± 0.02 of the whole sample 
of galaxies. Such fraction is essentially identical to the value 0.140 ± 0.024 as reported by 
Ledlow & Owen (1996) for radio galaxies having the same radio luminosities (> 10 29 erg 
s _1 Hz -1 at 1.4GHz). This indicates that the frequency of radio galaxies in our sample is 
not affected by biases related to their radio properties. 

iii) Considering all early type galaxies, regardless of their radio properties, an overall 
SNIa rate of 0.191^/4 SNU 2 is obtained. 



3. Analysis and Results 

Since the Cappellaro et al. (1999) sample includes the EVC89, we have first carried out 
an independent analysis of the results obtained by Delia Valle & Panagia, just using C93 
(which does not include EVC89). Separating the galaxies into radio-loud and radio-quiet 
(this subclass includes also radio-faint for homogeneity with the previous paper) we obtain 
5.5 and 11.5 SNIa events, respectively. Non-integer numbers derive from NGC 3106 which 
is a border line object between the two classes having a radio luminosity of ~ 9.2 x 10 28 

2 1SNU=1 SN(lOOyr)- 1 (lO 10 ^)" 1 
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erg/s/Hz, and therefore we have attributed 0.5 SN to each bin 3 The SN rate is derived 
as a ratio between the number of detected SNe and the respective controltime (expressed 
in units of 100 years) and it gives: r ioud = O^ltoJjj/ifsSNu and r quiet = 0.17to%lhj 5 SNu. 
The errors corresponds to la and have been computed from a direct application of Poisson 
statistics in the small number regime (e.g. Ebeling 2003, Gehrels 1986). A T-Student 
test rejects the null hypothesis between radio-loud and radio-quiet galaxy samples with 
a probability of P ^,5 x 10~ 3 . This result points out the high statistical significance of 
C93 sample itself and provides independent evidence for the existence of an overproduction 
of SNe-Ia in radio-loud galaxies. With this in mind we can now merge the EVC89 and 
C93 samples and determine the rate of type la SNe in radio-galaxies on even more robust 
empirical grounds. The enlarged sample has allowed us to allocate 3 classes of galaxies on 
the basis of their radio activity, as pointed out in Section 1. We have 9.5, 4 and 7.5 SNIa 
events in radio-loud, radio-faint and radio-quiet galaxies, respectively. Fractional numbers 
derive from two border lines objects, NGC 3106 (see above) and NGC 4526 which radio 
luminosity is ~ 4 x 10 27 erg/s/Hz. For the SN rates we obtain: ri oud = 0A3to\lh% 5 SNu, 
f faint — 0.23tg;J^75SNu and r quiet = O.lllo^/i^SNu, respectively. The errors corresponds 
to 1(7 and have been computed as above. A T-Student test rejects the null hypothesis 
between radio-loud and radio-quiet galaxy samples with a probability of P ~ 4 x 10~ 4 . 

The comparison among the SN rates, normalized to the B luminosity, in different 
Hubble types galaxies should be taken with some degree of caution because the B luminosity 

Attributing half SN event to each bin for objects close to the luminosity threshold may 
appear a quite unusual procedure, nevertheless it has been adopted to minimize the effects 
due to the uncertainty on H Q on the computation of the radio power. This approach may 
affect the measurements of the SN rates in radio -loud and -quiet galaxies up to ~ 6% and 
10%, respectively. 
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is a poor tracer of the galaxy mass in stars. In this case, since our analysis is restricted 
to E/SO Hubble types (T< —1.5), this approximation is still acceptable (see Tab. 3). 
However, the recent release of the Two Micron All Sky Survey (2MASS) collaboration 
(Jarret et al. 2003), allows us to normalize the rates to the IR luminosity (K-band) and 
subsequently to the mass in stars of the parent galaxies by fitting spectrophotometric 
models (e.g. Brinchmann & Ellis 2000; Dickinson et al. 2003) through the broad band 
fluxes (see Mannucci et al. 2005 for details). In Tab. 4 we also report the SN rate per unit 
of stellar mass. 

4. Discussion and Conclusions 

Our results allow us to confidently conclude that the SNIa rate in radio-loud galaxies 
is a full factor of 4.4l|g higher than it is measured in radio-quiet objects confirming, on 
more robust statistical grounds, the findings of Delia Valle & Panagia (2003). We have also 
obtained some evidence (P ^5 x 10~ 2 ) that the class of radio-faint galaxies may have a 
rate that is intermediate between radio-loud and radio-quiet objects. This enhancement in 
SNIa events in radio galaxies can be explained in basically two different ways: 

1) The enhanced SNIa explosion rate in radio- loud galaxies is a direct consequence of 
their being strong radio sources. This is the scenario suggested by Capetti (2002) and Livio 
et al. (2002). According to these authors the accretion rate from the interstellar medium 
onto white dwarfs could be enhanced by the action of the jets up to either driving an 
accreting white dwarf to approach the Chandrasekhar mass and trigger a SNIa explosion 
(Livio 2000, and references therein) or increasing the accretion rate from the interstellar 
medium onto the white dwarfs by 1-2 orders of magnitude, up to ~ 1O~ 8 /~ 9 M yr _1 , which 
is the rate necessary to trigger classical nova explosions (Prialnik & Kovetz 1995). This 
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process might account for the high rate of novae observed in M87 in the regions nearby the 
jets. However, we note that equation (4) of Livio et al (2002), which is the transcription 
of Bondi's (1952) formula for accretion on a star at rest, is valid only for very low stellar 
velocities (<< 1 km s^ 1 ). This fact has important consequences on the practicability of 
this scenario. In a rather optimistic scenario in which v star = 1 km s~ x and the jet has a 
width of ~100 pc, the transit time is about 100 Myrs during which the total accreted mass 
would be less than 0.1M Q , i.e. hardly enough to make a WD explode as SNIa, unless its 
mass was greater than ~ 1.35M . In a more realistic case, in which one assumes typical 
star velocities of the order of 10-100 km s -1 (see for example Williams 1994, who has 
measured the velocities of nova systems in the Milky Way) the accreted mass onto massive 
WDs would be only 10~ 5 -10~ 8 M . This makes the accretion process from ISM highly 
inefficient to trigger SNIa explosions (while it may play a not negligible role to trigger nova 
explosions) even in the presence of a high compression regime. In addition, we note that: 

i) Even under the best conditions that could induce a SNIa explosion (v << 1 km s _1 ; 
M WD ~ 1.2 -h 1.3 M ), the resulting SNIa is expected to be spatially confined to the regions 
immediately adjacent to radio jets and/or the bulk of radio activity. While this may be true 
for NGC 4374 (Fig. 2), it appears not to be the case for Fornax A=NGC 1316 (Fig. 3) in 
which the two SNIa (SN 1980N and SN 1981D) are located quite far from the strong radio 
lobes (Geldzahler & Fomalont 1984), nor for Centaurus A=NGC 5128, in which SN 1986G 
is deeply embedded in the equatorial lane of gas and dust (Fig. 4). 

ii) If the dominant phenomenon is accretion from the ISM rather than from a binary 
companion, an extreme consequence is that all single WDs could contribute to the Nova and 
SNIa production, and not only some binary systems with suitable parameters. Actually, 
since the fraction of stars that may give rise to a SNIa is only r\ ~ 5 — 10% of the total 
number of stars with masses above 3 M (Madau, Delia Valle & Panagia 1998, Dahlen et 
al. 2004), in order to explain the observed enhancement in the SN rate (a factor ~ 4) one 
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can work out that jets should be capable of raising the efficiency of the SN explosions up to 
~ 100% not only in the regions near the jets, but also over a significant fraction of the entire 
galaxy, according to the simple relation: r]j et /r] ga i ~ 3 x vol ga i/volj e t where rj parameter is 
the efficiency of SN explosions and v olj et and vol ga i are the volumes sampled by the jet and 
the whole galaxy. 

Hi) For a density of 100 cm -3 and a jet width of 100 pc as advocated by Livio et al. (2002), 
the column density of HI associated with a jet would be about 3 x 10 22 cm~ 2 . In this 
case one should expect an intense 21cm line emission, which has never been observed in 
association with jets. 

iv) A clear indication that accretion of interstellar matter by slow (v<< 1 km s _1 ) WDs is 
not an efficient process to trigger SNIa explosions, is that SNIa occurring in spiral galaxies 
are not associated with molecular clouds, which are regions with the "ideal" conditions, i.e. 
high particle density and very low temperatures, for triggering a SNIa explosion through 
this mechanism. It appears that the accretion from ISM can work only in the presence of 
very special circumstances, which makes a SNIa explosion through accretion "a la Bondi" 
an exception rather than the rule. 

In summary, since there is no evidence that direct accretion from the ISM could be capable 
to boost the SNIa rate in radiogalaxies by a factor of 4, we conclude that the dominant 
process is very likely a different one. 

2) As an alternative we propose that the enhancement of SNIa explosion rate in 
radio-loud galaxies has the same common origin as their being strong radio sources (see also 
Kochhar 1989; Kochhar & Prabhu 1984), but that there is no causality link between the 
two phenomena. If the radio activity of a galaxy is triggered by interaction and/or mergers 
(e.g. Baade & Minkowski 1954, Balick & Heckman 1982, Heckman et al. 1986), then the 
SNIa rate can be enhanced by the formation or the capture of relatively young stellar 
populations in which SNIa occur at much higher rates than in genuinely old populations 
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(Delia Valle & Livio 1994, Panagia 2000, Mannucci et al. 2005). SNIa progenitors are 
believed to be stars with original masses £ 3 M Q and £ 8 M Q (Greggio & Renzini 
1983) having nuclear-burning lifetimes shorter than ~400 Myrs. After that time, the 
star becomes a white dwarf and may explode as a SNIa only after an additional time as 
needed for either accreting mass from a companion or merging with it. Such a time (r) is 
essentially unconstrained by theory, but measurements of SNIa rates in the local universe 
(Mannucci et al. 2005) have shown that: (a) the rate of type la SNe in blue galaxies is 
about a factor 30 higher than it has been measured in red galaxies; (b) the rate of type la 
SNe can be reproduced by combining a constant contribution (corresponding to the rate 
of la in radio-quiet galaxies) + another contribution which exhibits a behaviour similar to 
that of core-collapse SNe (see their Fig. 6). This implies evolutionary times (main sequence 
life-time + r £ 0.2 Gyrs) much shorter than the time scale needed by young 'blue' galaxies 
to become 'red' galaxies (~ 0.8 Gyrs to change (B-K) by about 1 mag, see for example 
Bruzual & Chariot 2003). This result may not be at variance with the recent findings of 
Gal- Yam & Maoz (2004) and Strogler et al.(2004), who derived r ~ 2 - 4 Gyrs from counts 
of SNel-a at high z. This may rather suggest that r spans a broad range of values, possibly 
from £ 0.2 up to a few Gyrs (Mannucci, Delia Valle & Panagia, in preparation, Greggio 
2005). As a consequence, in order to sustain a relatively high rate of SNIa explosions 
(characterized by a short r) during the time in which a galaxy is radio-loud (AT RL ~ 10 8 
yr, e.g. Srianand & Gopal-Krishna 1998), a galaxy has to have a new injection of young 
stellar populations at suitable time intervals. Since the fraction of radio-loud ellipticals 
is about 14% of the total number of ellipticals (Ledlow & Owen 1996), we can estimate 
that, on average, an elliptical galaxy undergoes a number of star formation episodes, n in j, 
of the order of rii n j ~ 0.14 x Th/ ' Arl ~ 20, for a Hubble time Th — 14 Gyrs. Therefore, 
the time interval between successive episodes of injection of young stellar populations, 
At in j, turns out to be At in j = T H /n in j ^0.7 Gyr. In late type galaxies, the ongoing 
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star formation provides the needed input for a steady production of SNIa events. Such a 
supply in early type galaxies can naturally be provided by repeated episodes of interaction 
or mergers that induces either formation of young stellar populations (galaxy interaction; 
e.g. the Antennae galaxies, Whitmore et al. 1999) or capture of young stars from dwarf 
companions. Well known examples of interacting and/or merging early type galaxies are 
Centaurus A=NGC 5128 and Fornax A=NGC 1316, which are strong radio sources and 
indeed have produced 1+2 SNIa in the last century. 

Strong support to this hypothesis comes from the following two facts: 

i) In Tab. 4 we have reported the SN rate for Ellipticals radio- loud, faint, quiet, and 
Spirals normalized per unit of mass. A simple glance at col. 2 and Fig. 5 shows that the 
rates of SNIa are higher in late type galaxies than in early type galaxies by a full order 
of magnitude, then suggesting a connection between the production of type la SNe and 
star formation activity (e.g. Mannucci et al. 2005). Fig. 5 shows the behaviour of the 
normalized SNIa rate (per 1O 1O M ) as a function of the morphological Hubble type and 
radio activity. The data clearly shows that for the SNIa production, radio-loud early type 
galaxies behave like 'S0a/b' which are systems where the star forming activity is certantly 
dimmed with respect to Sd/Irr, but still active, likely of the order of 0.1M Q yr _1 per 
1O 1O M (e.g. Tinsley 1974, Sandage 1986, Kennicutt 1998). It is then plausible that this 
enhancement of SNIa rate originates from episodes of star formation, which may have been 
triggered, on time-scale of 1 Gyr, by merging dwarf galaxies. This scenario provides a 
natural explanation of why among early type galaxies SNIa rates are higher in radiogalaxies 
without requiring the concurrence of any new and/or additional process to enhance the 
SNIa rates. 

ii) The existence of systematic differences between type la SNe occuring in Spirals 
and Ellipticals, which has been accumulating in the last decade both spectroscopically 



-14- 



(Branch & van den Bergh 1993, Li et al. 2001) and photometrically (van den Bergh & 
Pazder 1992, Delia Valle & Panagia 1992, Hamuy et al. 1995, Hamuy et al. 2000), can 
be effectively represented by the distribution of the decline rate parameter Amis (Phillips 
1993; Phillips et al. 1999). In Fig. 6 we report the distribution of the rates of decline 
for late (shade-dotted histogram) and early type galaxies. Data were taken from Branch, 
Romanishin and Baron (1996) and Parodi et al. (2000). The probability that the two 
distributions originate from the same population, is excluded by KS-test at the level of 
P=5 x 10~ 7 (see also Altavilla et al. 2004). The most straightforward interpretation of the 
double-peaked distribution of the rates of decline is obtained in terms of an age sequence, 
(e.g. Branch & van den Bergh 1993; Ruiz-Lapuente 1995; Hamuy et al.1996; Howell 2001; 
but see the case of SN 2002bo, Benetti et al. 2003), with metallicity being excluded or 
at least less important (Ivanov, Hamuy and Pinto 2000). With the dashed-solid box we 
have indicated the rates of decline for the 8 objects belonging to our sample of SNe in 
radio-galaxies for which it was possible to derive the rates of decline. We find tantalizing 
evidence (P £ 5 x 10~ 2 ) that the rates of decline for the objects occurred in radio-galaxies 
are 'intermediate' between those of the late and early type galaxies. This fact supports 
the existence of a continuum of properties between galaxies with very active (Irr and 
late Spirals), active (early Spirals and radio-active Ellipticals) and exhausted (Ellipticals 
radio-quiet) star formation rate and type la supernovae. In Spirals with high star forming 
activity SNIa are generally overluminous, believed to be produced in younger systems from 
the most massive SNIa progenitors (e.g. Tutukov & Yungelson 1994, 1996, Ruiz-Lapuente, 
Burkert & Canal 1995), SNela in radio- loud ellipticals are characterized by faster rates of 
decline (i.e. less luminous SNe) and they might originate from progenitor of intermediate 
mass. Finally radio-quiet ellipticals mainly produce faint type la events from a genuine 'old' 
Pop II stellar population (light progenitors). An important consequence of our scenario is 
the predicted occurrence of a few type II-Ib/c SNe in early type galaxies at the early stages 
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of the same star formation burst that provides a steady supply of SNIa progenitors. Since 
core collapse SNe are produced by progenitors more massive than 8M , whose lifetime 
is shorter than about 30 Myrs, only for a small fraction of the time between subsequent 
interaction/capture episodes (approximately 30Myrs/lGyr=3%) would one expect to see 
such SNe in early type galaxies. Since in galaxies with active star formation the rate of 
type II and Ib/c SNe is about 2 and 2/3 times than that of SNIa, respectively, we estimate 
that one should detect core-collapse (CC) events at a rate 3%x8/3 ~ 8% of SNIa events, 
which corresponds to an average rate of CC SNe of about 0.0152/i7 5 SNu. Given the control 
time measured by Cappellaro et al. (1999) for type II plateau, II linear and Ib/c: 4021 yr, 
3213 yr and 5011 yr xL B /10 10 Lq, and the relative frequencies of occurence of each CC SN 
into the plateau, linear and Ib/c sub-types (0.6, 0.2 and 0.2 respectively), in our sample 
one should have detected 0.0152 x (4057)/100=0.62 SNe, where we have used the weighted 
mean of the control times reported above. Applying Poisson statistics, we estimate that the 
probability of finding no CC SN event in our sample is 54%, so that the absence of CC SNe 
is just a rather natural occurrence. We conclude that our prediction will be observationally 
testable when the SNIa statistics will have increased the control time by a factor ~ 6 (~ 2a 
confidence level). 

Our main conclusion is that the type la Supernova rate for radio-loud galaxies is 
more than a factor of four higher than for radio-quiet ones. This is true even when the 
rate is normalized to stellar mass instead of B-band luminosity, a more physical approach. 
Combined with the well-established connection between type la SNe and star-formation 
rate, this suggests a link between the radio-loud phenomenon and increased star-formation, 
which might prove to be an important piece of the still unexplained puzzle of radio-loudness 
in the Universe. 



-16- 

5. Acknowledgments 

MDV is grateful to the Space Telescope Science Institute for the friendly hospitality 
and creative atmosphere. This research has made use of data from the NASA/IPAC 
Extragalactic Database (NED), which is operated by the Jet Propulsion Laboratory, 
California Institute of Technology, under contract with the National Aeronautics and Space 
Administration. The authors wish to thank the referee Alessandro Capetti for his valuable 
comments, which have helped to improve the presentation of this paper. 



-17- 



Table 1: SN samples 



galaxies 


N 


Evans 
Control Time 


SNe 


N 


Cappellaro 
Control Time 


SNe 


radio-quiet 


178 


2270 





1738 


7127 


7.5 


radio-faint 1 








212 


1770 


4.0 


radio-loud 


19 


847 


4 


267 


2199 


9.5 


total 


197 


3117 


4 


2217 


11096 


21 



Due to the scanty statistic the radio-faint subclass was not adopted in our previous paper (Delia 
Valle & Panagia 2003). Radio-faint galaxies were included in the radio-quiet subclass. 
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Table 2: SNe occur red in early type galaxies belonging to the sample 



SN 


Galaxy 
NGC 


T 


radio power 
10 29 erg/s Hz" 1 


Am 15 


1961H 


4564 


-4.9 


< 0.008 




1968A 


1275 


-1.6 


720 




1970J 


7619 


-5.0 


0.54 


1.30 


1972J 


7634 


-2.0 


< 0.04 




19801 


4374 


-4.7 


20 




1980N 


1316 


-1.9 


1000 


1.28 


1981D 


1316 


-1.9 


1000 


1.33 


1981G 


4874 


-4.0 


24 




1983G 


4753 


-2.2 


0.53 


1.50 


1983J 


3106 


-1.9 


0.92 




1986G 


5128 


-2.2 


18 


1.73 


1990M 


5493 


-2.1 


< 0.04 




1991Q 


4926A 


-1.6 


0.31 




1991bg 


4374 


-4.7 


20 


1.88 


1991bi 


5127 


-4.9 


8.7 




1992A 


1380 


-1.9 


< 0.02 




1992bo 


E352-G57 


-1.5 


< 0.16 




1993C 


2954 


-4.9 


< 0.08 




1993ah 


E471-G27 


-2.0 


41 


1.30 


1994D 


4526 


-2.0 


0.042 


1.27 


1996X 


5061 


-5.0 


< 0.03 





-19- 



Table 3: SN rates in units of SNe per century per 10 10 L| 



rate la 2a 3a 



radio-loud 0.43 t°;l 

radio-faint 0.23 t° H ±8l?| ±8:fs 

radio nnipt 11 + - 06 + an +al8 

laaio-quicx u.n _ 003 _ 006 _ 007 



Table 4: SN rates in units of SNe per century per 10 10 M, 





rate 


la 


2a 


3a 


radio-loud 


0.100 


+0.044 
-0.032 


+0.089 
-0.054 


+0.141 
-0.070 


radio-faint 


0.052 


+0.041 
-0.025 


+0.082 
-0.038 


+0.135 
-0.046 


radio-quiet 


0.023 


+0.012 
-0.008 


+0.024 
-0.013 


+0.035 
-0.018 


all E's 


0.044 


+0.016 
-0.014 






SOa/b 


0.063 


+0.027 
-0.025 






Sbc/d 


0.170 


+0.068 
-0.063 






Irr 


0.77 


+0.42 
-0.31 
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6. Captions 

Fig. 1 Distribution of early-type galaxies in the Cappellaro et al. (1999) sample as a 
function of their absolute B-band magnitudes. The solid line is the distribution of the entire 
sample, the shaded histogram is the distribution of radio-loud galaxies, and the dashed 
histogram is the general luminosity function of elliptical galaxies, adapted from Muriel et 
al.(1995). 

Fig. 2 Location of SN 1991bg and SN 1957B in NGC 4374. The Image is a collage 
of pictures of the galaxy and jets obtained from Digitalized Sky Survey (DDS) and 
NASA/IAPC Extragalactic Database (NED), respectively. 

Fig. 3 Location of SN 1980N and SN 1981D in NGC 1316. Collage of images obtained 
from Digitalized Sky Survey (DDS) and NASA/IAPC Extragalactic Database (NED), 
respectively. 

Fig. 4 Location of SN 1986G in NGC 5128. Collage of images obtained from Digitalized 
Sky Survey (DDS) and NASA/IAPC Extragalactic Database (NED), respectively. 

Fig. 5 The rates of SNIa explosions (normalized to 10 10 M ) as a function of the 
morphological Hubble type of the respective parent galaxies. Open symbols at T~ —2 
represent the SNIa rates of radio-loud (top) and radio-quiet (bottom) early-type galaxies. 
The filled symbol is the overall rate of SNIa events in early type galaxies, regardless of their 
radio properties (i.e. average of radio -loud and -quiet rates) 

Fig. 6 The distribution of the light curve rates of decline for late (shade-dotted 
histogram) and early type galaxies (solid histogram) and the respective cumulative 
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distributions. The dashed box indicates the rates of decline for 8 objects belonging to the 
sample listed in Tab. 2. 
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